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Considering the importance of milk enzymes in milk preservation and animal protection, this study aimed to 
identify the factors that influence lactoperoxidase activity and levels of thiocyanate in raw milk of Girolando 
cows, as well as to verify the correlation between these components and the number of somatic cells in 
cooled raw milk. A total of 181 of milk samples from Girolando cows were used to determine the 
lactoperoxidase activity, thiocyanate levels, somatic cell number, and serum protein content. The genetic 
group and the sampling period influenced lactoperoxidase activity. Thiocyanate levels were influenced by 
the sampling period and by the interaction between the genetic group and the sampling period. The number 
of somatic cells was influenced by the number of days in lactation, animal age, and sampling period. Milk of 
animals from the group 1/2 Holstein x Gyr had the highest lactoperoxidase activity and there was no 
influence of the genetic group on the levels of thiocyanate. 
Keywords: somatic cells; bovine milk; lactoperoxidase system. 
 
Resumo 
Frente à importância das enzimas lácteas na conservação do leite e na proteção do animal, objetivou-se com 
esse estudo identificar os fatores que influenciam a atividade da enzima lactoperoxidase e os níveis de 
tiocianato no leite cru de vacas Girolando, bem como verificar a correlação entre esses componentes e o 
número de células somáticas no leite cru resfriado. Foram utilizadas um total de 181 amostras de leite de 
vacas Girolando para determinação da atividade da lactoperoxidase, teor de tiocianato, contagem de células 
somáticas e teor de proteínas do soro. Os fatores que influenciaram a atividade da lactoperoxidase foram o 
grupo genético e o período das amostras. O teor de tiocianato por sua vez foi influenciado pelo período das 
amostras e a interação grupo genético x período das amostras. O escore de células somáticas foi influenciado 
pelo número de dias em lactação, idade do animal e o período das amostras. O leite de animais 1/2 Holandês 
x Gir foi o que apresentou maior atividade da enzima lactoperoxidase e o teor de tiocianato não foi alterado 
pelo grupo genético dos animais. 




Several studies have been carried out to 
determine the biological or physiological role of 
milk enzymes and the role of its several 
compounds, as well as to verify their relevance for 
milk quality and their influence on the 
technological processing and stability of dairy 
products (Andrews et al., 1991). 
Bovine milk has more than 60 types of 
enzymes, among which, lactoperoxidase 
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(EC.1.11.1.7) is an oxidase enzyme occurring 
naturally in milk. The combination of this enzyme 
with the thiocyanate ion and hydrogen peroxide 
results in the lactoperoxidase system (LPS), which 
generates hypothiocyanite ions and has 
antibacterial activity in milk (Al-Baarri et al., 
2012). 
The LPS is a non-specific protection 
mechanism of the mammary gland, found in all 
mammal species, and comprises a series of 
chemical reactions, for which the presence of 
thiocyanate and hydrogen peroxide is 
indispensable to active the lactoperoxidase 
enzyme (Sermon et al., 2005). 
Milk, mammary gland and gastrointestinal 
tract protection of calves against pathogenic 
microorganisms are the lactoperoxidase enzyme's 
main biological roles. (Kussendrager and Van 
Hooijdonk, 2000; Seifu et al., 2005; Boots and 
Floris, 2006; Atasever et al., 2013). 
Due to the importance of milk enzymes in 
milk preservation and animal protection, it is 
fundamental to evaluate the factors that may alter 
its activity. According to Calamari et al. (2005), 
milk enzyme activity may be influenced by 
several factors, including breed, animal age, diet, 
nutritional status, number of lactations, lactation 
stage, mammary gland health, and seasonal 
variations. 
Thus, this study aimed to identify the 
factors that influence lactoperoxidase activity and 
the levels of thiocyanate in raw milk of Girolando 
of the genetic groups 1/2, 3/4 and 7/8 Holstein x 
Gyr (HG), as well as to evaluate the correlation of 
these components with the number of somatic 
cells in cooled raw milk. 
 
Material and Methods 
A total of 181 samples, together with their 
origin information (genetic group, age, lactation, 
sampling period, and management), from the 
dairy control of a single property, were donated 
by the Laboratory of the Dairy Herd Management 
Program of the Northeast region of Brazil 
(PROGENE Laboratory). This laboratory is linked 
to the Department of Zootechny / Animal Science 
of the Federal Rural University of Pernambuco 
and associated with the Brazilian Network of Milk 
Quality Analysis Laboratories (RBQL).  
Samples of raw milk from Girolando cows 
of the genetic groups 1/2, 3/4 and 7/8 HG were 
used. These animals were 29 to 140 months of age 
and were between 14 to 369 days in lactation, 
from two different periods: August to September 
(1st period) and December (2nd period), with stable 
management conditions. 
The samples were conditioned in isothermal 
boxes (around 4ºC) and analyzed in up to 24 
hours. An aliquot of 40 mL of milk was used to 
determine lactoperoxidase activity and 
thiocyanate levels. Another aliquot of 40 mL of 
milk containing Bronopol® preservative (2-
bromo-2-nitro-1,3-propanediol) (D and F Control 
System Inc., U.S.A.) was used in the somatic cell 
count (SCC) and to determine the serum protein 
content obtained by the difference between the 
total protein and casein contents. 
Lactoperoxidase activity was determined 
according to the method described by Kumar and 
Bhatia (1999), and was defined as the amount of 
enzyme that catalyzed the oxidation of 1 μmol of 
2,2'-azino-bis (3- ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt (ABTS) (Sigma-Aldrich 
Inc., U.S.A.) per minute at room temperature (20 
± 2°C). 
The thiocyanate quantification was 
performed according to the Codex Alimentarius 
Commission (CAC, 1991), using the Biochrom® 
Libra S22 UV/Vis spectrophotometer (Biochrom 
Ltd., United Kingdom), and the calibration curve 
was obtained using potassium thiocyanate P.A. as 
a standard. 
Total protein and casein contents were 
determined by spectrometric analysis, in the 
medium-infrared, Bentley 2000® (Bentley 
Instruments Inc., U.S.A.), and the results were 
expressed as g/100g of milk. 
Somatic cell count was performed using a 
Somacount 300® (Bentley Instruments Inc., 
U.S.A.), which operates according to the flow 
cytometry principle; the results were expressed as 
somatic cell units per mL of milk. The results 
from this analysis were transformed into somatic 
cell score (SCS) (Shook and Schutz, 1994) 
because the data had no normal distribution, given 
by the following equation: 
 
(1) SCS = log2 (SCC por µl/100) + 3 
 
Four classes of production levels were 
formed (Table 1), according to the provided origin 
information, in order to verify the influence of the 
level of milk production on the response variables. 
The variables that influenced 
lactoperoxidase activity (model 1), thiocyanate 
levels (model 2), and somatic cell score (model 3) 
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were subjected to analysis of variance, according 
to the models described below: 
 
(1) Ŷijklmnop = µ + Ti + PSj + Ik + DELl + ECSm + 
GGn + NPo + PCp + (GG – NP)no + (GG –PC)np + 
Ɛijklmnop 
 
Where, Ŷijklmnop = lactoperoxidase activity 
(U mL-1), µ = constant common to all 
observations, Ti = linear regression coefficient of 
the thiocyanate level effect (mgL-1), PSj = linear 
regression coefficient of the serum protein content 
effect (g 100g-1), Ik = linear regression coefficient 
of the animal age effect (months), DILl = linear 
regression coefficient of the effect of the number 
of days in lactation, SCSm = linear regression 
coefficient of the effect of the somatic cell score, 
GGn = n-th genetic group effect (n = 1/2, 3/4 or 
7/8 HG), NPo = o-th animal production level (o = 
1, 2, 3 or 4), PCp = p-th sampling period (p = 1: 
August – September, 2: December), (GG – NP)no 
= effect of the interaction between genetic group 
and production level, (GG – PC)np = effect of the 
interaction between genetic group and sampling 
period, Ɛijklmnop = error associated with the 
observation with N (0;σ2Ɛ) distribution. 
 
(2) Ŷijklmno = µ + PSi + Ij + DELk + ECSl 
+ GGm + NPn + PCo + (GG – NP)mn + (GG – 
PC)mo+ Ɛijklmno 
 
Where, Ŷijklmno = thiocyanate levels (mgL-1), 
µ = constant common to all observations, PSi = 
linear regression coefficient of the serum protein 
content effect (g 100g-1), Ij = linear regression 
coefficient of the animal age effect (months), DILk 
= linear regression coefficient of the effect of the 
number of days in lactation, SCSl = linear 
regression coefficient of the effect of the somatic 
cell score, GGm = m-th genetic group effect (n = 
1/2, 3/4 or 7/8 HG), NPn = n-th animal production 
level (o = 1, 2, 3 or 4), PCo = o-th sampling period 
(o = 1: August – September, 2: December), (GG – 
NP)mn = effect of the interaction between genetic 
group and production level, (GG – PC)mo = effect 
of the interaction between genetic group and 
sampling period, Ɛijklmno = error associated with the 
observation with N (0;σ2Ɛ) distribution. 
 
(3) Ŷijklm = µ + Ii + DELj + GGk + NPl + PCm + 
(GG – NP)kl + (GG – PC)km+ Ɛijklm 
 
 
Table 1. Distribution of classes according to the daily 
milk production level. 
Classes Milk (kg/day) 
1 > 5 ≤ 10 
2 > 10 ≤ 15 
3 > 15 ≤ 20 
4 > 20 
 
Where, Ŷijklm = somatic cell score, μ = 
constant common to all observations, Ii = linear 
regression coefficient of the animal age effect 
(months), DILj = linear regression coefficient of 
the effect of the number of days in lactation, GGk 
= k-th genetic group effect, (n = 1/2, 3/4 or 7/8 
HG), NPl = l-th animal production level ( l = 1, 2, 
3 or 4), PCm = m-th sampling period (m= 1: 
August – September, 2: December), (GG – NP)kl 
= effect of the interaction between genetic group 
and production level, (GG – PC)km = effect of the 
interaction between genetic group and sampling 
period, Ɛijklm = error associated with the 
observation with N (0;σ2Ɛ) distribution. 
Pearson’s correlation analysis was 
performed between the lactoperoxidase activity 
(U mL-1), thiocyanate levels (mgL-1), serum 
proteins (g 100g-1), and somatic cell score (log 
cells mL-1). 
Statistical analysis was carried out using the 
SAS (Statistical Analysis System) statistical 
package, version 9.0. The means were compared 
by the Tukey’s test, adopting 0.05 as a critical 
level of probability for Type I error. 
 
Results and Discussion 
For lactoperoxidase activity, a mean value 
of 10.53 U mL-1 (±6.81) was found, with a 
minimum activity of 1.25 U mL-1 and a maximum 
of 51.17 U mL-1. For the levels of thiocyanate, the 
mean value was 14.67 mgL-1 (±10.48), with 
minimum and maximum values of 2.90 mgL-1 and 
48.89 mgL-1, respectively. The mean values for 
somatic cell score (SCS) and somatic cell count 
(SCC) were 4.82 (±1.98) cells/mL and 8.39x105 
cells/mL (±1.52x106), respectively. 
The mean activity of the lactoperoxidase 
found in this study was higher than those observed 
in studies carried out with Holstein cows in Iran 
(Asadpour et al., 2008) and in Italy (Calamari et 
al., 2005). The lactoperoxidase activity had a high 
variation when comparing the samples, 
corroborating the results found by Seifu et al. 
(2007), Lujerdean and Buena (2010), and Yaqub 
et al. (2012). 
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The thiocyanate levels obtained in this 
study were higher than those found by Fweja et al. 
(2007) in milk of Ayrshire and Tanzania Short 
Horn Zebu cows, and by Ponce (2012) in animals 
of a rustic breed in Cuba, Venezuela, and Mexico. 
The thiocyanate levels also varied between the 
groups, corroborating the results found by Ponce 
et al. (1998), Fonteh et al. (2002), Seifu et al. 
(2007), and Yaqub et al. (2012). 
Lactoperoxidase activity was influenced 
(P<0.05) by the genetic group (Table 2), 
indicating differences according to the genetic 
proportion of each of the breeds. The 1/2 HG 
samples showed higher enzymatic activity, 
differing (P<0.05) from the other two groups (3/4 
and 7/8 HG). This can be explained by the higher 
SCS in the milk of 1/2 HG cows, which probably 
contributed to a higher enzymatic activity, and/or 
due to the heterosis that may manifest in a more 
pronounced way in these animals in comparison 
with the other genetic groups studied, causing 
them to present a higher immunological activity. 
The sampling period also influenced 
(P<0.01) the lactoperoxidase activity and the 
thiocyanate levels (Table 2). The SCS was higher 
in milk from the 1st sampling period in all genetic 
groups (Table 2), which may explain the higher 
enzymatic activity in this period. Calamari et al. 
(2005) observed an effect of the different seasons 
of the year on the lactoperoxidase activity in 
Holstein cows’ milk. Seasonal changes are usually 
associated with changes in diets; however, this 
possibility can be discounted because 
lactoperoxidase activity is not essentially affected 
by the animals’ diet (Fweja et al., 2007). 
 
 
Table 2. Mean values adjusted to the lactoperoxidase activity (U.mL-1), thiocyanate levels (mgL-1) and somatic cell 
score (log cells mL-1) per genetic group and sampling period. 
Sources of variation Lactoperoxidase Thiocyanate Somatic cell score 
Genetic group 
(Holstein x Gyr) 
1/2 HG 14,661a 16,518a 5,217a 
3/4 HG 8,340b 13,599a 4,772ab 
7/8 HG 8,106b 13,436a 4,438b 
Sampling period 
1st (Aug-Sep.) 12,060a 18,741a 5,185a 
2nd (Dec.) 8,715b 9,945b 4,392b 
Note: Means in the same column followed by different letters are significantly different by Tukey’s test at 5% probability level. 
 
In addition, there was no effect (P>0.05) of 
the thiocyanate, serum proteins, animal age, days 
in lactation, production level, and somatic cell 
score on lactoperoxidase activity. 
Thiocyanate had a mean concentration of 
14.67 mgL-1, which was very close to the value 
(14.50 mgL-1) reported by Ponce (2012), 
indicating that the milk analyzed in our study had 
an optimum quantity of ions for the 
lactoperoxidase system activation. 
Serum proteins did not affect the 
lactoperoxidase activity. This variable could be 
relevant because the lactoperoxidase is a milk 
serum protein; however, no change was observed. 
Contrary to the present study, Asadpour et 
al. (2008) found an effect of cow’s age on 
lactoperoxidase activity, when studying Holstein 
cows from first to third orders of delivery at the 
beginning of lactation. 
Regarding the number of days in lactation, 
Althaus et al. (2001), Fonteh et al. (2002), 
Lujerdean and Buena (2010), and Yaqub et al. 
(2012), studying milk of sheep, goat, cow and 
buffalo, respectively, found a cyclic variation in 
lactoperoxidase activity, with increases during 
lactation and subsequent reduction. The 
production level, although it has had no influence 
on the lactoperoxidase activity, could alter milk 
composition because the content of each milk 
components is not necessarily related to the 
increase or decrease in the volume of milk 
produced. However, Yaqub et al. (2012) found no 
association between lactoperoxidase activity and 
milk production. 
Different from the results obtained in our 
study, in which the SCS had no influence on the 
lactoperoxidase activity, Seifu et al. (2007) and 
Isobe et al. (2011) found a higher enzymatic 
activity in the milk of Holstein cows and a higher 
number of somatic cells in the milk of Saanen 
goats. Probably, after transforming the values into 
score, the difference between the genetic groups 
was not detected due to the proximity of the 
values, since a higher number of somatic cells 
may increase the enzyme activity because it is 
produced by immune system cells. 
Interactions between genetic group and 
production level and between the genetic group 
and sampling period had no influence (P>0.05) on 
lactoperoxidase activity. 
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Like lactoperoxidase activity, thiocyanate 
levels were not affected (P>0.05) by SCS (Table 
2). Thus, milk samples evaluated in this study 
may be considered from a healthy herd, with a 
low incidence of mastitis because, according to 
Ponce (2012), the higher the mastitis index in the 
herd, the higher the thiocyanate levels in the milk. 
This may be related to the increase in the 
mammary tissue permeability and consequently to 
a higher intensity in the flow of ions by the 
osmotic pressure difference between blood and 
milk. 
The sampling period influenced (P<0.01) 
the thiocyanate levels in milk of Girolando cows 
(Table 3). Similar to the lactoperoxidase activity, 
samples from the first period had the highest 
concentration of thiocyanate, which may be 
related to the higher number of somatic cells 
observed in this period. In the case of milk from 
healthy cows, the high levels of thiocyanate are 
due to the diet of the animals, more precisely 
because of the food containing cyanogenic 
glycosides, which contribute significantly to the 
production of this ion (Korhonen, 1980). 
 
Table 3. Adjusted mean values for thiocyanate levels (mgL-1) per genetic group and sampling period. 
Sources of variation 
Genetic group (Holstein x Gyr) 
1/2 HG  3/4 HG  7/8 HG  
Sampling period 
1st (Aug-Sep.) 23,2aA 15,8bA 16,6bA 
2nd (Dec.) 9,86aB 11,3aA 10,2aB 
Note: Means in the same column followed by different uppercase letters and means in the same row followed by different lowercase 
letters are significantly different by Tukey’s test at 5% probability. 
 
A rainy second sampling period was 
expected, according to the characteristics of the 
region; however, between the first and second 
period, precipitation was equal to zero; therefore, 
the second period was drier than the first one. 
Despite this fact, food and water supply was 
constant during the sampling periods, according to 
information provided. Nevertheless, probably part 
of the difference in thiocyanate levels may be 
attributed to the feed used in the two seasons (1st 
and 2nd period), mainly regarding the pasture 
(2nd period in the driest season). 
In Italy, Calamari et al. (2005) found 
different thiocyanate levels in milk of Holstein 
cows collected in different seasons (lower values 
in the summer and higher values in the winter), 
even supplying the animal the same kind of feed, 
with small variations in the quantity of each 
ingredient, during the whole period. 
The interaction between the genetic group 
and sampling period (P<0.05) influenced the 
levels of thiocyanate between the genetic groups 
in the different sampling periods. Milk from group 
1/2 HG, in the 1st sampling period, had the 
highest levels of thiocyanate, during the whole 
experimental period (Table 3), reinforcing the 
somatic cell influence on the lactoperoxidase 
system, even though the feed has been responsible 
for part of the concentration of this ion. 
Serum proteins, animal age, number of days 
in lactation, genetic group, production level, and 
interactions had no influence (P>0.05) on 
thiocyanate levels. Despite the absence of age 
effect, there was a trend of increase in the levels 
of thiocyanate in samples from older animals. 
This is possible because of the natural resistance 
mechanisms of the mammary gland since 
according to Ponce et al. (1998), there is a non-
specific defense activity of the lactoperoxidase 
system. 
The SCS was influenced (P<0.01) by the 
number of days in lactation and by the sampling 
period. There was an increase (P<0.05) in SCS 
(Figure 1) with the increase in the number of days 
in lactation. It is natural that the samples from 
animals subjected to a longer period of lactation 
have a higher number of somatic cells per mL of 
milk, since the reduction in the volume produced 
results in a higher concentration of compounds, as 
well as in an increase in the number of cells from 
the alveolar tissue desquamation in the milk. 
Regarding the sampling period, the 
differences in SCS can be observed in Table 2. 
The fact that the 2nd period samples were from a 
drier season than those from the 1st period 
possibly influenced the number of somatic cells, 
reducing the number of animals with mastitis. In 
the dry season, the occurrence of environmental 
mastitis becomes less frequent as the environment 
has lower humidity. Calamari et al. (2005) also 
observed a reduction in SCS in milk during the 
summer. 
Animal age, genetic group, production 
level, and the interactions between genetic group 
and production level and between the genetic 
group and sampling period had no influence on 
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the SCS, suggesting that this variable is more 
affected by environmental factors. 
 
 
Figure 1. Observed and predicted behavior for somatic 
cell score (SCS) as a function of the number 
of days in lactation in Girolando cows. 
 
The correlation analysis showed positive 
associations (P<0.05) between the levels of 
thiocyanate and SCS (r = 0.30) and between the 
level of thiocyanate and serum proteins (r = 0.25), 
indicating that the increase in one variable will 
cause an increase in the other. Regarding 
lactoperoxidase, there was no correlation (P>0.05) 
between the variables studied, corroborating the 
results obtained by Fonteh et al. (2002), Fweja et 
al. (2007), and Asadpour et al. (2008). Seifu et al. 
(2007), studying goat milk, found a high 
correlation between lactoperoxidase and somatic 
cells; however, found no correlation either 
between lactoperoxidase and thiocyanate or 
between SCS and thiocyanate. 
 
Conclusion 
It is concluded that the genetic group and 
sampling period influence the lactoperoxidase 
activity, with higher enzymatic activity in cooled 
raw milk of Girolando cows from the genetic 
group 1/2 Holstein x Gyr. The thiocyanate levels 
are influenced by the sampling period and by the 
interaction between the genetic group and the 
sampling period. In cooled raw milk of Girolando 
cows from the genetic groups 1/2, 3/4 and 7/8 
Holstein x Gyr, there is no correlation of 
lactoperoxidase and thiocyanate levels with the 
number of somatic cells. 
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